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Abstract. Ethylene complexes [OsH(η2-CH2=CH2)L4]Y (1, 2) [L =
PPh(OEt)2, P(OEt)3; Y = OTf, BPh4] were prepared by reacting the
dihydride OsH2L4 first with methyl triflate CH3OTf and then with
ethylene (1 atm). Alternatively, the compound [OsH(η2-
CH2=CH2){PPh(OEt)2}4]OTf was prepared by allowing the dinitrogen
derivative [OsH(N2){PPh(OEt)2}4]OTf to react with ethylene. Acrylo-
Introduction
The chemistry of transition metal complexes containing η2-
alkene as ligand has been developed for decades,[1,2] not only
due to interest in the changes in structure and chemical reactiv-
ity that coordination may induce in a central metal atom,[3] but
also for enhanced understanding of the catalytic transforma-
tions involving these species.[4] Several alkene complexes for
various central metals have recently been prepared,[1–3,5] to
shed light on factors that influence the stability of the coordi-
nated alkene and its reactivity in stoichiometric and catalytic
organic reactions. However, metals involved in η2-alkene stud-
ies are mainly those of the cobalt and nickel triads,[1,2,6]
whereas those of iron have been less studied and there are only
a few known ethylene complexes of osmium.[7]
We are interested in the organometallic chemistry of os-
mium and have reported the synthesis and reactivity of several
half-sandwich complexes,[8] including η2-ethylene derivatives
with the p-cymene ligand.[9] We have now extended our study
to include phosphine and phosphonite as supporting ligand,
and report herein the synthesis of new hydride-ethylene com-
plexes of osmium(II).
Results and Discussion
Dinitrogen complex [OsH(N2){PPh(OEt)2}4]OTf reacts
with ethylene (1 atm) to give the η2-CH2=CH2 derivative
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nitrile CH2=C(H)CN reacts with OsH(OTf)L4 [L = P(OEt)3] to give
the complex [OsH{κ1-NCC(H)=CH2}{P(OEt)3}4]BPh4 (3). The com-
plexes were characterized spectroscopically (IR and 1H, 13C, 31P
NMR) and by X-ray crystal structure determination of the [OsH(η2-
CH2=CH2){PPh(OEt)2}4]BPh4 derivative.
[OsH(η2-CH2=CH2){PPh(OEt)2}4]OTf (1a), which was iso-
lated in good yield and characterized (Scheme 1).
Scheme 1. L = PPh(OEt)2.
Alternatively, ethylene complexes may be prepared by re-
acting dihydrides OsH2L4 first with methyltriflate and then
with ethylene, as shown in Scheme 2.
Scheme 2. L = PPh(OEt)2 (1), P(OEt)3 (2).
The reaction of dihydride OsH2L4 with CH3OTf proceeds
with the evolution of methane and the formation of hydride-
triflate complex OsH(κ1-OTf)L4,[10] which quickly reacts with
ethylene to afford η2-CH2=CH2 derivatives 1 and 2. Trans iso-
mer 1a could only be obtained with the PPh(OEt)2 ligand,
whereas a mixture of cis and trans isomers 2a and 2b formed
in the case of the P(OEt)3 ligand and were separated by frac-
tional crystallization and characterized.
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The results with ethylene prompted us to extend study to the
reactivity of [OsH(N2)L4]+OTf– and/or OsH(κ1-OTf)L4
towards electron-rich and electron-poor alkenes. The results
are shown in Scheme 3.
Scheme 3. R = Me, Ph; L = PPh(OEt)2, P(OEt)3.
Propylene CH3C(H)=CH2 (1 atm) and styrene PhC(H)=CH2
do not react under mild conditions with either dinitrogen or
the triflate complex, and the starting compound was recovered
unchanged after 24 h of reaction. Instead, acrylonitrile quickly
reacted with both dinitrogen and triflate osmium precursors to
give the nitrile derivative [OsH{κ1-NCC(H)=CH2}-
{P(OEt)3}4]BPh4 (3b), which was isolated as a BPh4 salt and
characterized. However, acrylonitrile did not give the π com-
plex but the N-bonded derivative 3, through the CN group
of the alkene.
The whole set of results on the reaction of osmium hydrides
containing labile ligands [OsH(N2){PPh(OEt)2}4]+ and
OsH(κ1-OTf)L4 towards alkene indicated that only species
with little steric hindrance, such as CH2=CH2, can yield η2
complexes 1, 2, whereas acrylonitrile gives nitrile derivative
3.
Ethylene complexes [OsH(η2-CH2=CH2)L4]Y (Y = OTf,
BPh4) (1, 2) were separated as white solids stable in air and in
solution of polar organic solvents, where they behave as 1:1
electrolytes.[11] Their formulation is supported by analytical
and spectroscopic data (IR and NMR) and X-ray crystal struc-
ture determination of [OsH(η2-CH2=CH2){PPh(OEt)2}4]BPh4
(1a1), and the ORTEP view is shown in Figure 1.
Figure 1. ORTEP[12] view of compound 1a1. Phenyl and ethoxy
groups are not drawn at the phosphonite ligands PPh(OEt)2.
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The asymmetric unit of trans-[OsH(η2-
CH2=CH2){PPh(OEt)2}4]BPh4 (1a1) contains a tetraphen-
ylborate anion (not shown in Figure 1) and a cation complex.
The latter comprises an osmium atom coordinated by four
phosphonite ligands [PPh(OEt)2], one hydride, and one side-
on or π-coordinated ethylene ligand, CH2=CH2. Selected bond
lengths and angles are listed in Table 1. The relative position
of the ligands is quite interesting because the hydride and
CH2=CH2 ligands are mutually trans in 1a1 and, consequently,
the four phosphonite ligands are in the equatorial plane of the
octahedron. Their relative positions seem to depend on the na-
ture of the phosphorus donor ligand PPh(OEt)2 and its steric
hindrance (cone angle),[10,13] but electronic effects may also
play a role in this arrangement.[14,15] Other previously de-
scribed osmium complexes show two phosphorus donor li-
gands in cis, i.e., the other two ligands also adopt a cis configu-
ration.[16,17] The equatorial plane of the octahedron with the
four phosphonite ligands is quite distorted (root mean square
deviation from best plane of 0.2791 Å), and the trans P(3)–
Os–P(4) angle of 154.09(11)° shows a substantial deviation
from linearity and is clearly bent in the direction of the hydride
ligand. These atoms are almost coplanar with the CH2=CH2
ligand, and it is worth noting that the other fourfold axis of
the octahedron, P(1)–Os–P(2), shows an angle of 175.74(12)°,
close to linearity, and it is almost perpendicular to the
CH2=CH2 ligand. This bending of the trans phosphorus donor
ligands coordinative mode is commonly reported in the litera-
Table 1. Selected bond lengths /Å and angles /° for 1a1 a).
Os–H(1) 1.79(2)
Os–CT1 2.1506(5)
Os–C(1) 2.268(14)
Os–C(2) 2.259(13)
Os–P(1) 2.353(3)
Os–P(2) 2.335(3)
Os–P(3) 2.354(3)
Os–P(4) 2.316(3)
C(1)–C(2) 1.374(17)
H(1)–Os–CT1 167(5)
H(1)–Os–P(1) 84(5)
H(1)–Os–P(2) 97(5)
H(1)–Os–P(3) 66(5)
H(1)–Os–P(4) 89(5)
CT1–Os–C(1) 17.2(3)
CT1–Os–C(2) 18.1(3)
CT1–Os–P(1) 88.41(8)
CT1–Os–P(2) 89.93(10)
CT1–Os–P(3) 103.92(8)
CT1–Os–P(4) 101.97(8)
P(1)–Os–P(3) 86.42(11)
P(1)–Os–P(2) 175.74(12)
P(1)–Os–P(4) 93.19(11)
P(2)–Os–P(3) 90.18(12)
P(2)–Os–P(4) 91.00(12)
P(3)–Os–P(4) 154.09(11)
C(1)–C(2)–Os 72.7(8)
C(2)–C(1)–Os 72.0(8)
a) Note that, although H1 position was found in the density map, in
further refinement its position was restrained to be 1.8 Å far from the
osmium atom, so this value is negligible. CT1 represents the middle
position between C1 and C2.
Journal of Inorganic and General Chemistry
Zeitschrift für anorganische und allgemeine Chemie
www.zaac.wiley-vch.de ARTICLE
ture.[16,18–21] The Ct–H1 vector should not be considerated as
due to inaccuracy in the H position. It is worth noting (see
Experimental Section) that the position of the hydride ligand
is, crystallographically speaking, imprecise, and its geometri-
cal parameters do not require further comment. The Os–P bond
lengths are between 2.316(3) and 2.354(3) Å, similar to those
found for other mutually trans Os–P bonds.[22,23]
According to proposals for the compound [cis,trans-
Os(H)2(η2-CH2=CH2)(NO)(PiPr3)2]+,[26] the orientation of the
ethylene ligand in 1a1, together with bending of the phos-
phorus donor ligands, may be an electronic effect, allowing
back-bonding from a filled Os dπ orbital to take place. The
C=C bond length in the ethylene ligand is 1.374(17) Å, i.e.,
elongated when compared with uncoordinated ethylene
(1.33 Å) and only slightly shorter than the value found in
the above-mentioned dihydride compound, 1.418(15) Å, in
the acrylate OsH(OH)(CO)(η2-CH2=CHCO2CH3)(PiPr3)2,
1.418(5) Å,[21] or the recently described Pt compound
[PtX2(η2-CH2=CH2)(Me2phen)], between 1.414(22) and
1.426(25) Å.[24]
The IR spectra of trans-[OsH(η2-CH2=CH2)L4]OTf (1a, 2a)
show a medium-intensity band at 2045–2030 cm–1, attributed
to the ν(OsH) of the hydride ligand. Its presence is confirmed
by the proton NMR spectrum, which shows a quintet at –8.32
and –9.75 ppm due to coupling of the hydride with four equiv-
alent phosphine ligands. A quintet at 2.33–2.93 ppm, also pres-
ent in the spectra, is attributed to the methylene protons of the
ethylene CH2=CH2 ligand. In the temperature range between
+20 and –80 °C, the 31P NMR spectra are singlets at 115.2–
93.2 ppm, suggesting the magnetic equivalence of the phos-
phorus ligands, as expected for trans arrangement. As well as
the signals of the phosphines, the 13C spectra of 1a and 2a
show singlets at 43.66 (1a) and at 41.35 (2a) ppm, attributed
to ethylene carbon resonance and fitting the proposed formula-
tion.
The 1H NMR spectrum of complex cis-[OsH(η2-
CH2=CH2){P(OEt)3}4]OTf (2b) shows a complicated mul-
tiplet between –10.5 and –10.9 ppm, due to the hydride ligand,
and a second multiplet at δ = 2.52 ppm, attributed to the meth-
ylene protons of the ethylene. The profile of the spectrum
changed when the sample temperature was lowered but, even
at –90 °C, the peaks were still broadened, suggesting that rota-
tion of CH2=CH2 still occurred at this temperature. The 31P
NMR spectra appear as an ABC2 multiplet, simulable with the
parameters reported in the Experimental Section and suggest-
ing a cis arrangement of the hydride and η2-CH2=CH2 ligands.
Complex cis-[OsH{κ1-NCC(H)=CH2}{P(OEt)3}4]BPh4
(3b) contains both one hydride and one nitrile ligand, the pres-
ence of which was confirmed by IR and 1H NMR spectra. A
weak band at 2258 cm–1 appears in the IR spectrum, due to
the ν(CN) of the nitrile; a medium-intensity band at 1941 cm–
1 was attributed to the ν(OsH) of the hydride. The 1H NMR
spectrum confirms the presence of these ligands: the low-fre-
quency region shows a multiplet at –9.45 ppm, simulable with
an AB2CX model (X = 1H) and attributed to the hydride group,
and also an ABC multiplet between 6.16 and 5.83 ppm of the
acrylonitrile CH2=C(H)CN hydrogen atoms. The 31P NMR
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spectrum appears as an AB2C multiplet, suggesting that the
nitrile and hydride ligands are in a mutually cis position,
matching the proposed formulation.
Conclusions
This work describes the preparation of hydride-ethylene
complexes of osmium containing phosphine or phosphonite as
supporting ligand. A N-bonded acrylonitrile derivative is also
reported. The structural parameters of hydride trans-[OsH(η2-
CH2=CH2){PPh(OEt)2}4]BPh4 are discussed.
Experimental Section
General Comments: All synthetic work was carried out in an appro-
priate atmosphere (Ar, N2) using standard Schlenk techniques or an
inert atmosphere dry-box. Once isolated, the complexes were found to
be relatively stable in air, allowing their characterization; nonetheless
they were stored under nitrogen at –25 °C. All solvents were dried
with appropriate drying agents, degassed on a vacuum line, and dis-
tilled into vacuum-tight storage flasks. OsO4 was a Pressure Chemical
Co. (USA) product, used as received. Phosphonite PPh(OEt)2 was pre-
pared by the method of Rabinowitz and Pellon,[25] whereas P(OEt)3
was an Aldrich product, purified by distillation under nitrogen. Other
reagents were purchased from commercial sources in the highest avail-
able purity and used as received. Infrared spectra were recorded with
a Perkin-Elmer Spectrum-One FT-IR spectrophotometer. NMR spectra
(1H, 13C, 31P) were obtained with an AVANCE 300 Bruker spectrome-
ter at temperatures between –90 and +30 °C, unless otherwise stated.
1H and 13C spectra are referred to internal tetramethylsilane and
31P{1H} ones to 85% H3PO4 with downfield shifts considered posi-
tive. COSY, NOESY, HMQC, and HMBC NMR experiments were
performed with standard programs. The iNMR software package[26]
was used to treat NMR spectroscopic data. The conductivity of
10–3 mol·dm–3 solutions of the complexes in CH3NO2 at 25 °C was
measured with a Radiometer CDM 83. Elemental analyses were deter-
mined in the Microanalytical Laboratory of the Dipartimento di Sci-
enze Farmaceutiche, University of Padova (Italy).
Synthesis of Complexes: The hydride OsH2L4 [L = P(OEt)3,
PPh(OEt)2] and the dinitrogen complex [OsH(N2){PPh(OEt)2}4]OTf
were prepared following the reported methods.[27,28]
trans-[OsH(η2-CH2=CH2){PPh(OEt)2}4]OTf (1a). Method 1: A
solution of the compound [OsH(N2){PPh(OEt)2}4]OTf (150 mg,
0.13 mmol) in CH2Cl2 (5 mL) was stirred under CH2=CH2 (1 atm) for
24 h. The solvent was removed under reduced pressure to give an oil,
which was triturated with ethanol (2 mL). A white solid slowly sepa-
rated out, which was filtered and crystallized from ethanol; yield
124 mg (82%). Method 2: In a 25-mL three-necked round-bottomed
flask were placed the dihydride OsH2[PPh(OEt)2]4 (250 mg,
0.25 mmol) and toluene (10 mL). The solution was placed in an argon
atmosphere (1 atm), cooled to –80 °C, and methyl triflate CH3OTf
(0.26 mmol, 29 μL) was added. The reaction mixture was allowed to
reach room temperature and was stirred under ethylene (1 atm) for
24 h. The solvent was removed under reduced pressure to give an oil,
which was triturated with ethanol (2 mL). The white solid, which
slowly separated out was filtered and crystallized from ethanol; yield
226 mg (78%). IR (KBr): ν˜ = 2045 (OsH) (m) cm–1. 1H NMR
(CD2Cl2, 20 °C): δ = 7.39–7.10 (m, 20 H, Ph), 3.86, 3.69 (m, 16 H,
CH2 phos), 2.33 (qnt, JHP = 3 Hz, 4 H, CH2=CH2), 1.26 (t, JHH =
7 Hz, 24 H, CH3), –8.32 (qnt, JHP = 18 Hz, 1 H, OsH) ppm. 31P{1H}
NMR (CD2Cl2, 20 °C): δ = A4, 115.1 (s) ppm. 13C{1H} NMR
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(CD2Cl2, 20 °C): δ = 136–128 (m, Ph), 63.55 (d, CH2 phos), 43.66 (s,
CH2=CH2), 15.97 (s, CH3) ppm. ΛM = 87.6 Ω–1·mol–1·cm2.
C43H65F3O11OsP4S (1161.15): calcd. C 44.48, H 5.64%; found C
44.65, H 5.69%.
trans-[OsH(η2-CH2=CH2){PPh(OEt)2}4]BPh4 (1a1): The compound
was prepared like the related triflate complex 1a (method 2) by triturat-
ing the oil with 3 mL of ethanol containing NaBPh4 (0.30 mmol,
103 mg). The white solid, which separated out was filtered and crys-
tallized by CH2Cl2 and ethanol; yield 283 mg (85%). IR (KBr): ν˜ =
2034 (OsH) (m) cm–1. 1H NMR (CD2Cl2, 20 °C): δ = 7.55–6.88 (m,
40 H, Ph), 3.86, 3.70 (m, 16 H, CH2 phos), 2.35 (qnt, JHP = 3 Hz, 4
H, CH2=CH2), 1.27 (t, JHH = 7 Hz, 24 H, CH3), –8.32 (qnt, JHP =
18 Hz, 1 H, OsH) ppm. 31P{1H} NMR (CD2Cl2, 20 °C): δ = A4, 115.2
(s) ppm. ΛM = 54.5 Ω–1·mol–1·cm2. C66H85BO8OsP4 (1331.31): calcd.
C 59.54, H 6.44%; found C 59.71, H 6.57%.
cis-[OsH(η2-CH2=CH2){P(OEt)3}4]OTf (2b) and trans-[OsH(η2-
CH2=CH2){P(OEt)3}4]OTf (2a): In a 25-mL three-necked round-bot-
tomed flask were placed solid OsH2{P(OEt)3}4 (200 mg, 0.234 mmol)
and toluene (10 mL), and the resulting solution was cooled to –80 °C.
Methyl triflate (225 mmol, 28 μL) was added and the reaction mixture
was allowed to reach room temperature and was stirred under ethylene
(1 atm) for 24 h. The solvent was removed under reduced pressure to
give an oil, which was triturated with ethanol (2 mL). The white solid,
which separated out was filtered and fractionally crystallized from eth-
anol. A typical crystallization involved slow cooling from +20 to
–25 °C of a saturated solution of the product complexes in ethanol.
The first solid separated was the cis derivative 2b, recovered in about
70% yield (169 mg). The second fraction was the trans one, in about
10% yield (24 mg).
2b: 1H NMR (CD2Cl2, 20 °C): δ = 3.95, 3.84 (m, 24 H, CH2 phos),
2.52 (m, 4 H, CH2=CH2), 1.31, 1.30, 1.21 (t, JHH = 7.0 Hz, 36 H,
CH3), –10.5 to –10.9 (m, 1 H, OsH) ppm. 31P{1H} NMR (CD2Cl2,
20 °C): δ = ABC2, δA 99.6, δB 94.2, δC 87.9 ppm, JAB = 46.1, JAC =
36.0, JBC = 41.2 Hz. 13C{1H} NMR (CD2Cl2, 20 °C): δ = 62.00 (m,
CH2 phos), 42.01 (br., CH2=CH2), 16.00 (m, CH3). ΛM =
89.2 Ω–1·mol–1·cm2. C27H65F3O15OsP4S (1032.98): calcd. C 31.39, H
6.34%; found C 31.55, H 6.28%.
2a: IR (KBr): ν˜ = 2030 (OsH) (w) cm–1. 1H NMR (CD2Cl2, 20 °C):
δ = 4.05 (m, 24 H, CH2 phos), 2.93 (qnt, JHP = 3.0 Hz, 4 H, CH2=CH2),
1.21 (t, JHH = 7.0 Hz, 36 H, CH3), –9.75 (qnt, JHP = 20.0 Hz, 1 H,
OsH) ppm. 31P{1H} NMR (CD2Cl2, 20 °C): δ = A4, 93.2 (s) ppm.
13C{1H} NMR (CD2Cl2, 20 °C): δ = 62.20 (d, CH2 phos), 41.35 (s,
CH2=CH2), 16.15 (s, CH3) ppm. ΛM = 85.8 Ω–1·mol–1·cm2.
C27H65F3O15OsP4S (1032.98): calcd. C 31.39, H 6.34 %; found C
31.49, H 6.40%.
cis-[OsH{κ1-NCC(H)=CH2} {P(OEt)3}4]BPh4 (3b). A solution of the
hydride OsH2{P(OEt)3}4 (104 mg, 0.12 mmol) in toluene (8 mL) was
cooled to –80 °C and methyl triflate (0.12 mmol, 13 μL) was added.
The reaction mixture was brought to room temperature, stirred for
30 min, and an excess of acrylonitrile CH2=C(H)CN (0.36 mmol,
22 μL) was added. The reaction mixture was stirred for 2 h and the
solvent was removed under reduced pressure to give an oil, which was
treated with ethanol (2 mL) to contain an excess of NaBPh4
(0.24 mmol, 82 mg). The pale yellow solid that slowly separated out
was filtered and crystallized from CH2Cl2 and ethanol; yield 110 mg
(75%). IR (KBr pellet): ν˜ = 2258 (CN) (w); 1941 (OsH) (m) cm–1.
1H NMR (CD2Cl2, 20 °C): δ = 7.32–6.88 (m, 20 H, Ph), ABC spin
syst, δA 6.16, δB 6.12, δC 5.83, JAB = 0.6, JAC = 17.8, JBC = 11.6 Hz
(3 H, CH=CH2), 4.02 (m), 3.89 (qnt) (JHH = 7.0 Hz, 24 H, CH2 phos),
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1.29, 1.27, 1.25 (t, JHH = 7.0 Hz, 36 H, CH3 phos), AB2CX spin syst
(X = 1H), δX –9.45, JAB = 20.9, JAC = 23.1, JBC = 92.9 Hz (1 H, OsH)
ppm. 31P{1H} NMR (CD2Cl2, 20 °C): δ = AB2C, δA 105.66, δB
103.57, δC 96.48 ppm, JAB = 32.0, JAC = 30.0, JBC = 44.9 Hz. ΛM =
55.6 Ω–1·mol–1·cm2. C51H84BNO12OsP4 (1228.15): calcd. C 49.88, H
6.89, N, 1.14%; found C 49.67, H 6.83, N 1.22%.
Crystal Structure Determination: Crystallographic data were col-
lected with a Bruker Smart 1000 CCD diffractometer at CACTI (Uni-
versidade de Vigo) using graphite monochromated Mo-Kα radiation
(λ = 0.71073 Å), and were corrected for Lorentz and polarization ef-
fects. The software SMART[29] was used for collecting frames of data,
indexing reflections, and the determination of lattice parameters,
SAINT[29] for integration of intensity of reflections and scaling, and
SADABS[30] for empirical absorption correction. The crystallographic
treatment was performed with the Oscail program.[31] The structure of
1a1 was solved by Patterson methods and refined by a full-matrix least-
squares based on F2.[32] The X-ray study was carried out with the best
crystal obtained after several attempts. Unfortunately, as its quality
[R(int) of 0.1194 and R(σ) of 0.1617] did not allow good refinement,
and final R values are high (see Table 2), several restrains were used
in the refinement. However, the model obtained and the connectivity
of the atoms gives enough truthful to continue. Non-hydrogen atoms
were refined with anisotropic displacement parameters. Hydrogen
atoms were included in idealized positions and refined with isotropic
displacement parameters, except those in the CH2=CH2 ligand and the
hydride ligand. The hydride ligand was found in the density map and
refined with isotropic displacement parameters, but was restrained
(DFIX) to be far from the metal atom by 1.8 Å (sum of covalent radii).
Table 2. Crystal data and structure refinement.
1a1
Empirical formula C66H85BO8OsP4
Moiety formula C42H65O8P4Os, C24H20B
Formula weight 1331.22
Temperature /K 293(2)
Wavelength /Å 0.71073
Crystal system orthorhombic
Space group Pbca
Unit cell dimensions
a /Å 18.1017(16)
b /Å 21.6815(19)
c /Å 33.535(3)
Volume /Å3 13162(2)
Z 8
Density (calculated) /Mg·m–3 1.344
Absorption coefficient /mm–1 2.086
F(000) 5488
Crystal size /mm 0.5100.2300.220
Θ range for data collection 1.214 to 28.037°
Index ranges –23  h  23
–28  k  28
–44  l  44
Reflections collected 75590
Independent reflections 15102 [R(int) = 0.1194]
Reflections observed (2σ) 8175
Data completeness 0.947
Max. and min. transmission 0.7456 and 0.6266
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 15102 / 2 / 664
Goodness-of-fit on F2 1.157
Final R indices [I  2σ(I)] R1 = 0.1309 wR2 = 0.2328
R indices (all data) R1 = 0.2400 wR2 = 0.2761
Largest diff. peak and hole /e·Å–3 1.213 and –1.543
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Those in the CH2=CH2 ligand were found in the density map but
their positions were not refined. Some of the ethyl groups in the
PPh(OEt)2 ligand may be split into two positions but the quality of the
crystal does not allow to refine separately, so it was preferable to re-
strain (DFIX) one CH2–CH3 bond to be separated by 1.5 Å. Some
details of crystal data and structural refinement are given in Table 2.
Crystallographic data (excluding structure factors) for the structure in
this paper have been deposited with the Cambridge Crystallographic
Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ, UK. Copies
of the data can be obtained free of charge on quoting the depository
number CCDC-1435923 (for 1a1) (Fax: +44-1223-336-033; E-Mail:
deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk).
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